We demonstrate a bottom-up synthesis of graphene oxide via a two dimensional polymerization. Experimental evidence is conveyed as well as a general framework of the two dimensional polymerization within which an improved bottom-up procedure for the synthesis of graphene and its oxide can emerge.
The solubility of GO in water and other solvents allows it to be uniformly spray or spin coated on substrates to form thin films which makes it useful for macroelectronics. 4, 5 Graphene oxide has an optical band gap of 1.7 eV to 2.1 eV. 6 Controlled oxidation provides tunability of its electronic and mechanical properties up to the point of its turning into the semi-metallic graphene upon complete removal of the C-O bonds. Therefore, we assume the synthesis of GO via a two dimensional polymerization a successful attempt at bottom-up synthesis of graphene.
In general, chemical oxidation methods such as Brodie's, 7 Staudenmaier's, 8 Hummers' 9 or a variation of these, produce GO by introducing functional groups such as carbonyl, hydroxyl and epoxy in between the layers forming graphite. These functional groups weaken the Van der Waals bond between layers (approx. 300 nN per 1 µm 2 ) which cause them to peel off. This approach is scalable and amenable to improvement as already proved. 10 The detailed chemistry of oxidation and subsequent reduction, as well as the chemical tuning of graphene platelets is an active area of research. However, it represents a top-down approach.
In this paper we suggest an alternative approach towards graphene and GO synthesis. It is bottom-up in a sense that it starts from simple monomer and through a carefully tailored two di- In the general framework discussed here the reacting groups A and B are not specified. We do not see any restriction at this stage and these groups could be any compliant with the rule in It exists in equilibrium with its second form the tautomer 1,2,5 -cyclohexanetriole (phloroglucin) where the A functional group is an oxygen atom and B functional group the hydrogen attached to the cyclohexane ring. This is our reacting substance and represents the monomer having very low solubility in water < 1%. Upon its introduction in minute quantities (≈ 0, 1%.) in a water so-lution of a base (5 % KOH) the monomer is deprotonated as depicted in Fig 2b with The successful synthesis of graphene oxide flakes is confirmed in a series of Raman spectroscopic studies, SEM and TEM imagery as well as SAED electron diffraction studies. Experimental evidence is conveyed in Fig. 3 and Fig. 4 In summary, we have proposed a two dimensional polymerization for the synthesis of graphene and its oxide. A proof-of-concept experiment was conducted and the experimental evidence for the feasibility of this two dimensional polymerization conveyed. This bottom-up approach towards graphene and graphene oxide production could be refined within the general framework presented here. The color of the mixture has changed to yellowish tint and a white semi translucent sediment appeared at the bottom of the vessel.
The sediment was separated in a centrifuge (10 000 rmp) in a series of 10 fomentations with DI. The procedure was a consecutive fomentation, centrifuge and removal of the water column above the sediment. This removed the water soluble salts.
An aliquota was taken on a silicon wafer as well as on a TEM grid Micro Raman spectrum; SEM and TEM imagery as well as SAED difractoscopy analysis were conducted.
The scanning electron images were taken using a LYRA I XMU scanning electron microscope (Tescan). The TEM observations and selected area electron diffraction (SAED) analyses were performed on a JEM2100 high resolution transmission electron microscope (HRTEM JEOL) operated at 200 kV. The Raman measurements were carried out using micro-Raman spectrometer LabRAM HR800 Visible with He-Ne (633 nm) laser. At room temperature an objective ×100 was used both to focus the incident laser beam and to collect the scattered light.
This material is available free of charge via the Internet at http://pubs.acs.org/. 13 In our spectra G peak shows hardening and reaches the highest position of 1600 cm −1 and D peak appears at 1370 cm −1 . The second order of the D peak, 2D (or G') peak position is usually observed in the range 2640-2700 cm −1 depending on the number of layers and the D + D' peak at 2940 cm −1 is due to the defect activated combination of phonons. The wide spreading 2D band and the shoulder at higher wavenumbers indicate formation of multi-layer GO sheets. Additionally, a peak centered at 1450cm −1 is modulating the spectrum. Its origin is attributed to a C-OH mode (phenol -OH group) and the characteristic medium band of the carbon ring. 14 Insert represents a picture of the formations where Raman spectrum was recorded. 
